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GLOSSARY OF TERMS 
ASM: Age at sexual maturity; a pullet's age in days until 
laying the first egg. 
BW; Body weight; weight of mature chickens expressed in 
grams. 
Complete data set: The merging of the data sets on fecal and 
production traits. Observations with complete records 
only constitute this set. 
CP: Crude protein; the daily amount of nitrogen multiplied 
by 6.25 for a given bird. 
DE: Digestible energy; the energy absorbed by the animal 
after digestion of the ingested feed. 
DRY F: Dry feces; the daily amount in grams of dry excreta. 
EM: Egg mass; egg weight multiplied by rate of egg produc­
tion, expressed in grams per day. 
EP: Egg production; actually the rate of egg production of 
a given hen in a fixed period of time. 
Experimental data set: The data set of individual records 
for the fecal traits, wet and dry feces, fecal crude 
protein, fecal metabolizable energy, ratio of phosphorus 
excreted to phosphorus ingested, feed consumption and 
body weight. 
FC: Feed consumption; individual average feed intake per 
bird per day. 
Feces : The daily amount of expelled excreta, in grams. 
GE: Gross energy; the amount of heat produced from a mea­
sured quantity of feed when burned in a bomb calorimeter. 
H: Aggregate genotype; the aggregate breeding value of an 
animal; it is the sum of the breeding value of each 
economic trait weighted by the relative economic value 
of that trait. 
ME; Metabolizable energy; the digestible energy after cor­
rection for the urine nitrogenous wastes and other com­
pounds not oxydized by the animal body. 
iv 
NE; Net energy; the metabolizable energy after correction 
of further losses of energy during the metabolism of 
the nutrients. 
PI: Period one; the first 2—week test period in this study 
when birds are about 32 weeks of age. 
P2; Period two; as above when the chickens are about 55 
weeks of age. 
Phosphorus = P = PHOS; the ratio of phosphorus excreted 
to phosphorus ingested. 
Production data; Supplementary data from individual records 
on body weight, egg mass, feed consumption, rate of egg 
production, and age at sexual maturity, as distinct from 
the "Experimental data set". 
RQ; Respiratory quotient; the ratio of volume of carbon 
dioxide produced to the volume of oxygen consumed. 
WET F: Wet feces; the average daily amount of wet excreta 
from a given bird, in grams. 
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INTRODUCTION 
Although, the chicken. (Gallus doiaesticus) is perhaps the 
smallest among the domesticated species of livestock, its 
use as a producer of high quality protein for human nutri­
tion is truly enormous. According to the United Nations Food 
and Agriculture Organization (FAO) production yearbook, world-
vide hen egg production of chickens was 26.6 million metric 
tons for 1979. Equivalent to 467 billions of eggs averaging 
56 grams each, this represents about 2.33 million metric tons 
of high quality protein averaging 5.7 grams per egg. The 
joint contribution of several scientific and technological 
disciplines including genetics, nutrition, disease control 
and modern management has made possible a highly efficient 
poultry industry, relatively speaking. 
Since the beginning of this century, the chicken has 
served also as an exceptionally useful biological entity for 
both experimental and practical applications to the science 
of breeding and genetics. Bateson, 1909, observed that comb 
shape and plumage color in the chicken follows simple laws of 
Mendelian inheritance. The extension of these laws from in­
dividuals to populations of individuals has given rise to the 
science of quantitative genetics. Almost all of the the­
oretical basis for this branch of genetics was established in 
the 1910-1930 decades by the inaugural contributions of 
Fisher, Haldane and Wright (cited by Falconer, 1960). 
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The application of quantitative genetics to poultry 
as a practical tool for the improvement of egg production 
has been underway for the past 3 or 4 decades. Success is 
measured by the ability to more consistently identify the 
superior birds in terms of their breeding value for per-
f ormance. 
In the long run, however, the rate of breeding progress 
from a given selection program to a particular population is 
expected to slow down. Ultimately, decisions will need to be 
made concerning possible new strategies in an attempt to ob­
tain greater efficiency in the use of feedstuffs for animals. 
Thus, geneticists should search for new approaches to improve 
genetic stocks. One may consider, for example, the search 
for "new" traits, i.e., those not hitherto considered and to 
determine whether their variability may have a genetic basis. 
At the same time, it would seem important to determine the 
correlations of such new traits with the more common traits 
of direct economic value. 
Over the past 10 years, only a few studies have attempted 
to evaluate feed consumption records per se as a criterion 
for the genetic improvement of egg production. The central 
problem is to estimate the genetic variance of a "residual" 
component of feed consumption. The residual is defined as 
that amount of feed ingested but not used directly for either 
body maintenance or for egg production. Thus, individual 
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feed consumption, might be used as a supplement to other 
performance records but with special focus on the improvement 
in efficiency of feed utilization. 
The additional expense involved in collecting individual 
feed records on a large number of hens very likely is the 
main reason for not incorporating this procedure in a com­
mercial breeding program. Also, it seems that the consensus 
among commercial breeders is that feed consumption is almost 
strictly a function of body weight maintenance and egg mass 
output. However, recent experimental data now indicate that a 
residual component of feed consumption, i.e., that not corre­
lated with body weight and egg mass output, does indeed have 
a genetic basis (Wing and Nordskog, 1982). 
In the same line of thought, one may speculate as to the 
relative importance of nutrients in feed consumed lost via the 
excreta. That certain individual animals may utilize more of 
the gross energy ingested than others is assumed to depend on 
their inherent ability to digest and metabolize food. The 
question then might be, is it more expedient to measure nutri­
ent output in the form of both egg mass production and nutri­
ents lost in excreta than the measurement of total feed in­
take plus nutrient recovered in egg mass output? If nutrients 
lost in excreta have a heritable basis, this might be put to 
practical use as one of perhaps several other useful criteria 
in a selection index. 
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This study is intended to deal with the exploration of 
nutrients lost in excreta of chickens with primary focus 
on the probable genetic basis. 
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REVIEW OF LITERATURE 
The main focus of this study is on the genetic aspects 
of nutrients lost in excreta of egg-type chickens. Unfor­
tunately, this is not supported by a body of literature di­
rectly related to the problem at hand. Instead, the problem 
is viewed from a nutritional standpoint but with emphasis on 
the characteristics of the species (Gallus domesticus) which 
leans on its ability to convert feed into edible food for 
humans and conversely on the unused nutrients remaining in 
the fecal residue. 
Of some relevance to the present study are the reported 
estimates of heritabilities, and other population parameters, 
identified with the various economically important trait of 
the chicken. First, however, this section will consider some 
of the basic aspects of nutrition of the chicken, including 
the characteristics of the droppings. 
General Aspects of Chicken Nutrition 
It is generally believed that chickens eat primarily to 
satisfy their energy requirements. If the intake is re­
stricted, the energy supply will be used for maintenance. 
Only after that will the extra energy be available for growth 
and production. Moreover, it is generally thought that feed 
intake is regulated by energy requirements even when animals 
are fed ad libitum. Thus, the question of energy requirement 
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is related to appetite. 
Appetite, or voluntary feed intake, is the amount of 
feed an animal will consume when it has unlimited access to 
a food. The biological mechanism controlling this is complex 
and attempts to explain it in terms of a single factor, such 
as the level of blood sugar, have not been satisfactory. 
Three factors seem to influence voluntary feed intake. These 
are (a) the bird itself (mainly body weight and rate of pro­
duction), (b) the nature of the diet (mainly the concentra­
tion of energy), and (c) the environment (mainly the effect 
of temperature on appetite) 
Carbohydrates generally form the major source of energy 
in all diets except those containing very high levels of fat. 
A portion of these nutrients in the diet is oxidized within 
the animal but considerable amounts remain only as a potential 
energy source because it is stored in the body as fat during 
growth. Because the physiological and physical activities of 
the animal lead to energy expenditure, this is related to 
dietary requirements. That is, the total dietary energy 
available is expressed in units of metabolizable energy 
(calories per unit weight). 
The constituents of a diet containing carbon and hydrogen, 
which can be oxidized to carbon dioxide and water, represent 
potential energy for animals. The amount of potential energy 
^The Nutrient Requirements of Farm Livestock, No. 1. 
Poultry. ARC, 1975. 
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is termed gross energy (GE), -which is determined with a 
calorimetric bomb. The gross energy ingested is subjected 
to digestion, i.e., the physical and chemical process which 
takes place in the gastrointestinal tract, breaking down the 
complex chemical compounds of food into smaller molecules 
that can be absorbed and used by the animal. The fraction 
absorbed is termed the digestible energy (DE). Some is lost 
in the urine as nitrogen wastes and other compounds not 
oxidized. Corrections on digestible energy for this loss 
leads to the concept of metabolizable energy (ME). The 
latter refers specifically to that portion of the dietary 
energy which is available to the animal for the production 
of eggs and meat and for the maintenance of the body tempera­
ture and for other vital functions. Metabolism of the nutri­
ents leads to some energy loss defined as heat increment. 
Adjustment for this phenomenon leads to the concept of net 
energy value (NE). This expresses the amount of energy avail-
able-for maintenance and production and is an alternative to 
the metabolizable energy concept, although the latter is gen­
erally preferred. Figure 1 illustrates the relationship 
between the various measures of energy value of feed (Scott 
et al., 1975). 
Energy requirements may be divided into that for main­
tenance and that for production. The former represents the 
larger proportion and can be further divided into energy 
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GROSS ENERGY 
in feed consumed 
Fecal energy Digestible energy 
Urinary energy Metabolizable energy 
Heat of nutrient Net energy 
metabolism 
Maintenance Production 
a. Basal metabolism a. Growth 
b. Voluntary b. Fat 
activity c. Eggs 
c. Heat to keep d. Feathers 
body warm e. Work 
d. Energy to keep 
body cool 
Evaporative heat loss is a method of dissipating heat 
when the environmental temperature rises toward that of the 
animal itself. Its efficiency is determined by the water 
vapor pressure gradient that exists between the animal and 
its environment. For each gram of water that is evaporated 
from the lung's surface, which is at a temperature of about 
40°C, approximately 574 cal are lost (Freeman, 1971). 
Figure 1. Utilization and distribution of energy consumed 
by the chicken (Scott et al.. 1976) 
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required for basal metabolism and for normal activity. Be­
cause these aspects of energy are complex, they will be pre­
sented here rather simplistically. 
The concept of basal metabolism, as presented by Krogh, 
1916, cited by Freeman (1971) refers to the heat production 
per unit of time determined when the animal is in a post-
absorptive state, at rest and maintained in a thermal neutral 
environment. About 48 hours of starvation brings the adult 
fowl to a post-absorptive state (Mitchell and Rainess, 1927a; 
Mitchell and Kelley, 1933; Henry et al., 1934; Dukes, 1973; 
all cited by Freeman, 1971). Basal metabolism is usually 
determined by measuring the rate of oxygen consumption, 
which both the energy expenditure and the respiratory quotient 
(RQ) of fasting chickens may be calculated. RQ is the ratio 
of volume of carbon dioxide produced to the volume of oxygen 
consumed over a standard period of time. It is approximately 
0.717 (Scott et al., 1975) for chickens of all ages. 
The chemical reactions within the resting animal needed 
for maintenance of homeostasis require energy and produce 
heat. According to Brady, 1945, cited by Scott et al. 
(1976), the basal daily heat production by adults of a 
variety of different species averaged 70.4 calories per kilo­
gram of body weight raised to the 0.73 power. However, be­
cause chickens have higher body temperature than mammals, 
they have greater energy expenditure for maintenance. Esti-
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mates of basal net energy requirements of adult hens have 
75 been calculated from the formula, NE^ = 83 x BW(kg)' 
On the other hand, experimental studies show that the metabo-
lizable energy requirements are approximately 18% higher than 
the net energy requirements. This is caused by the increase 
in heat production from the specific dynamic action of the 
nutrients. Thus, heat increment from protein consumption 
is approximately 30%, that for carbohydrates is 15%, and 
that for fat is approximately 10%. In a well-balanced diet 
containing 20% protein, 5% fat, and 65% carbohydrates, the 
average heat increment is 18%. in general, the energy re­
quirements of hens, expressed in kilocalories of metabolizable 
energy per hen per day is estimable from the formula: 
Kcal ME/hen/day = (83 + .37 x 83)W^^ + NE^ + NEg/0.82 , 
75 
where (83 + .37 x 83 )W* represents the net energy required 
for maintenance and physical activity and W is body weight; 
NEg is net energy for egg production and equals 85 Kcal or 
1.43 Kcal per gram 5 estimates of NE^, representing the re­
quirements for body weight gain, have ranged between 1.5 to 
3.0 Kcal per gram; the constant 0.82 is the correction 
(1 - .18) for heat increment. These estimates were based 
on a temperature of 21°C (Scott et al., 1976). 
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Excreta 
Unutilized feed nutrients ingested by a chicken are 
excreted as a mixture of substances resulting from the di­
gestive process. Excreta or droppings consist of both fecal 
material and urine. The fecal components are conveniently 
divided into (a) those of dietary origins, i.e., the indi­
gestible residues, and (b) those of metabolic origin. The 
latter comprise the desquamated cells from the digestive 
tract, mucosa, products of bacterial fermentation, residual 
digestive secretions and other endogenous proteins. Each of 
these components may change by a dietary change. Thus, the 
output of endogenous fecal nitrogen is elevated when the 
protein level in the diet is increased (Hill, 1971). 
The average daily weight of droppings produced by a lay­
ing hen ranges between 100 and 150 g. Variations are usually 
caused by fluctuations in the volume of urine produced. The 
urine of the fowl, defined as a semi-fluid product of the 
kidneys, averages about 120 ml per day. On standing, it 
separates into a white precipitate and a supernatant fluid. 
Urine contains about 0.75 g of nitrogen of which 85% is uric 
acid and the balance is mostly ammonia (Sykes, 1971). 
Crude protein and phosphorus in excreta 
From data on nitrogen digestibility in poultry presented 
by Krogdahl and Dalsgard (198i), it can be deduced that the 
amounts of nitrogen excreted per day in urine and feces are 
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.81 and .58 g, respectively. In urinary nitrogen, uric 
acid represented 88%, ammonia 7%, urea 3%, and undefined 
fraction 2%. The nitrogen, expressed as crude protein, was 
estimated to be 5.06 g from the urine gource and 3.63 g 
from feces. 
Morimoto et al.(I96lb) demonstrated that increasing the 
dietary crude protein (average intakes: 13.8, 16.3, and 
20.3 g) increases the crude protein in the droppings (9.2, 
10.5, and 13.6 g, respectively). The ratio of crude pro­
tein in feces to that in urine was higher for diets with low 
levels of crude protein (.49, .29, and .25, respectively). 
In all cases, the metabolic fecal crude protein was deter­
mined to be .597 g, and the endogenous urinary crude pro­
tein was .919 g. The experimental unit numbers for each 
case were 4 to 5 hens. 
Hurwitz and Griminger (1961), working with four colos-
tomized chickens, reported .18 g of phosphorus in feces and 
.29 g in the urine. The rate of phosphorus excreted to 
phosphorus consumed was 82% (.47/.57). 
Droppings as an economical by-product 
The presence of nutrient substances in the chicken 
droppings has stimulated considerable research effort in re­
cent years to find uses for it other than as a soil fertilizer. 
Some examples of these have been discussed by Hart (1963). 
Of special interest are the possibility to use it as a feed 
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supplement for ruminants and as a substrate for organisms 
to produce gas for heating and lighting purposes. 
Martin, 1981, cited by Ames (1981) suggested that 
aerobically stabilized poultry waste liquor might substitute 
for drinking water for layers. Egg production was reported 
to increase by 2.5% compared to a control. 
Jordan (1981) suggested that liquid or wet manure might 
be useful as a weed killer. 
The conclusion follows that chicken droppings are a 
potentially valuable by-product of the poultry industry and 
might deserve the attention of the research geneticist to 
determine the heritable aspects of its constituents. 
Genetic and Phenotypic Parameters 
Estimates of heritability and other population parame­
ters are usually a by-product of a selection experiment de­
signed primarily to improve the productive performance of 
flocks or herds. Over the past 40 years, a large number of 
these estimates have been reported for most of our eco­
nomically important livestock species. On the other hand, 
we recognize that such estimates for a given character in 
a species is not a biological constant. Rather, they are 
variables that are unique to each population in both space 
and time. 
Breeders generally rely on estimates already reported in 
the literature in order to make initial decisions regarding 
14 
plans for strain improvement. 
Kinney (1969) published a summary of reported estimates 
of heritability and genetic-phenotypic correlations for a 
wide array of economically important traits in chickens 
cited in 207 references. Aside from this summary being a 
valuable compilation, it is a tangible example of the dy­
namism of living populations. 
Kinney's (1969) publication also makes it clear that the 
decision as to which traits are of economic importance and 
which are not is frequently a question of human judgment. 
Obviously, those traits which contribute substantially to 
profits for commercial exploitation are readily identified 
as economically relevant. On the other hand, some traits 
do not contribute directly to income, but because of their 
correlation with the profit traits, they are useful as in­
dicator traits in order to maximize genetic progress in 
population improvement. 
The introduction of the selection index to the animal 
breeding field by Hazel (1943) outlined a truly scientific 
method for genetic improvement in animals used for production 
purposes. It allows the systematic handling of several 
traits, even those without direct economic value, but which 
may increase the rate of improvement of the economically 
important traits because of their value as "indicator" traits. 
The use of indicator traits has been discussed by sev­
eral workers (Rendel> 1954; Purser, 1960; Young et al.. 
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1965; Gjedrem, 1967). 
Harris (1969), using as a selection criterion the ratio 
egg mass to feed consumption in a White Leghorn line, re­
ported significant progress (P<.Ol) in the spread between the 
selected and control lines. He also reported estimates of 
heritability of the ratio, based on the full-sib variance 
component, to be .57 and .15 in two separate years of data. 
He speculated that the use of this index as the sole selec­
tion measure would reduce body size. 
The first study that attempted to assess the conditions 
under which a selection index using information on income-
related traits, including body w-'ç' ; and egg mass, and 
individual feed consumption records was reported by Arboleda 
(1971) and later by Arboleda et al. (1976b). Individual feed 
consumption records were taken, along with other traits, on 
2303 hens in separate test periods of 8 and 24 weeks. Esti­
mates of heritability from the sire components of variance 
were relatively large for body weight and feed consumption 
and relatively small for egg mass, but were near zero for a 
"residual" component of feed consumption. The residual con­
sumption is defined as feed consumption statistically ad­
justed for differences in body weight and egg mass output. 
However, the estimates developed from the dam component of 
variance were, in general, higher and provided an average 
estimated heritability for residual feed component of 
.29±.21. 
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Phenotypic standard deviations and partial regression 
•were used to design four selection indexes. contained 
information on body weight, egg mass and feed consumption. 
contained information only on body weight and egg mass. 
I2 and Ig contained information on body weight and egg mass 
along with estimates of the genetic partial regression or 
correlation of feed consumption on body weight and on egg 
mass. With truncation selection of the top 20% of the popu­
lation, the index containing information on feed consump­
tion was estimated to be 9% more efficient than index 
without feed records. 
The authors also concluded that the inclusion of feed 
regressions or correlations in a selection index theoretically 
should increase the expected genetic gain in income over feed 
cost if there is a true residual genetic component of varia­
tion apart from that contributed by its covariation with body 
weight and egg mass. Even if there is no true genetic re­
sidual component of variation, measuring feed consumption may 
be justified if it provides auxiliary information which might 
increase effectiveness of selection for body weight and egg 
mass. From the report, it is also clear that the relatively 
high cost of collecting individual feed records in a testing 
program can be made economically more feasible if the indi­
vidually fed female breeders are permitted to reproduce at 
the maximum rate possible, perhaps 765 descendents in subse­
17 
quent generations of a fully integrated operation. This 
vas estimated to take a minimum of 5 years. 
The question of using feed consumption records in egg-
type chickens to define a hen's breeding values and to better 
achieve genetically high production was also investigated by 
Hagger and Abplanalp (1978). The authors attempted to verify 
the study reported by Arboleda et al. (1975a,b). They pre­
sented data from three populations differing in average egg 
weight over two production periods, from 20 to 40 and from 
40 to 50 weeks of age. Feed consumption parameter estimates 
were included in different selection indexes designed to maxi­
mize income over feed cost in much the same manner as given 
by Arboleda as earlier discussed. 
Hagger and Abplanalp (1978) concluded that given reliable 
estimates of correlations between feed consumption and egg 
mass, body weight and age at first egg, one can construct a 
highly efficient selection index for genetic improvement 
without the direct use of feed consumption data. Selection 
for genetic gain in egg mass was the most important factor 
for genetic improvement of income over feed cost. Estimates 
of heritabilities and genetic correlations indicated that 
feed consumption can be based on partial records. High 
heritabilities were found for egg mass and feed consumption 
in both production periods. 
Wing (1981) reevaluated the problem as defined by 
Arboleda (1971) but used a larger and more representative 
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set of data. His analysis was based on 4909 individual 
records taken on two populations (Q and R), over a 4-year 
period. His study demonstrated the existence of genetic 
basis for the residual component of feed consumption. Statis­
tically significant heritability estimates of .29 for the Q 
population and .15 for the R population were obtained from 
the sire component of variance. 
In agreement with previous workers, Wing (1981) found 
that an index with information on body weight, egg mass, and 
feed consumption or on body weight, egg mass, and a reliable 
estimate of genetic correlations between feed consumption 
and egg mass and body weight, was superior to an index with­
out information on feed consumption. 
Wing (1981) also suggested the possible use of two-stage 
index selection in connection with improvement in feed effi­
ciency. In stage I, an index with information on the primary 
traits, body weight and egg mass plus genetic correlations 
of feed consumption with the primary traits, is used to 
select the elite individuals. Individual feed consumption 
records on these birds can then be collected for use in a 
stage 2 selection index. 
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MATERIALS AND METHODS 
Feces Collection 
Before setting up formal experiments designated to es­
timate genetic parameters of fecal nutrients, a preliminary 
study was undertaken, in the summer of 1979, to discover a 
practical but effective method to collect feces samples from 
individual birds. This was mainly focused on the optimal 
time interval for feces collection. Both wet and dry feces 
and feed consumption were measured. Also crude protein, 
metabolizable energy (ME), and calcium in the feces were 
estimated. 
The experimental population for this preliminary experi­
ment consisted of 96 hens of approximately 63 weeks of age, 
randomly selected from two White Leghorn outbred populations. 
Birds were kept in cages provided with individual feeders and 
a common waterer. 
Feces were collected over four different time-intervals 
n 
from 1 day to 8 days as shown in Table 1. In general, 2x^ 
designates feces (x) collected on the i^^ day accumulated 
1 
over n days; a single day's accumulation is 2x^ = x^. The 
details for each period are specified as follows: 
System I : x^ for n = 1 day, i = 1 to 4; 
n 
System II t Ex^ for n = 2 days, i =1 to 4j 
n 
System III: 2x^ for n = 4 days, i = 1 to 4; 
System IV : 2x^ for n = 8 days, i = 1 to 8; 
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Table 1. Systems of feces collection 
Hen I II III IV 
2 2 4 8 
1 
 ^ :"3 ^4 2x2 2x4 2X4 Sxg 
2 
• • • • • • 
. 
• • • • . 
2 2 4 8* 
96 x^ 
^4 SX2 2x4 2X4 2X8 
Individual hen feces samples were collected under each 
cage on a plastic sheet, which, in turn, rested on a sheet 
of plywood. Following the perimeter of cages, the plastic 
area allocated to each hen was delimited by a wooden stick. 
Special individual feeders designed to minimize spillage 
consisted of a hopper and a trough fashioned from two half-
gallon milk carbons (Arboleda et al., 1976b). Initially, a 
Imown feed amount was weighed into the hopper. Subtracting 
the feed remaining at the end of the test period expressed 
in grams per day represents the feed consumed over the test 
period. Wet manure samples were dried in a forced-air oven 
at 65 ± 1°C for 36 hours. 
For the determinations of fecal nutrients, a total of 24 
dried samples were randomly selected from each collection 
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period for Systems II (i=2). III, and IV. For System I, 48 
samples were available, i.e., 24 each for i=3 and i=4. The 
percentage of crude protein was determined by the Kjeldahl 
method. The atomic absorption spectrophotometer (Perkin-
Elmer 460) was used for calcium determinations. For gross 
energy determinations, a Parr 1241 Adiabatic Calorimetric 
Bomb was used. 
The means and standard errors for the different attri­
butes are shown in Table 2, The level of agreement between 
Systems I, II, and III suggests that collecting feces on 
alternate days or over a 4-day period are equally efficient 
to collecting samples daily. For chemical and energy deter­
minations, percentage of crude protein was somewhat lower 
for the longer periods but seemed not to be too critical for 
the 4-day collection period. An inverse situation is ob­
served for percentage of calcium and ME where calculations 
were slightly higher for the longer collection intervals. 
Note that in System I, feed consumption for I-l and 1-2 
tended to be smaller than for 1-3 and 1-4. The explanation 
may be that initially (i=l and 2) the birds were not yet 
completely adjusted to the individual feeders. Evidently, 
one or two days are required for adjustment. 
From the above considerations and from the fact that 
collecting feces over a 4-day period is the least laborious. 
System III was judged to be the best to carry out the planned 
studies on genetic aspects of feed nutrient-loss in feces. 
Table 2. Means and standard errors for different attributes and different systems 
of feces collection in chickens 
Collection 
system 
Feed 
consumption 
(g/day) 
Wet 
feces 
(g/day) 
Dry 
feces 
(g/day) 
Crude 
protein 
{%) 
Calcium 
(%) 
ME 
(cal/g) 
I-l 6762.3 10562.8 19.860,5 - - -
1-2 7461.8 10362.9 20.160.5 - - -
1-3 81±1.9 11262.9 20.960.5 39.1 5.9 2810627 
1-4 9261.8 11463.2 21.160.4 38.4 5.5 2934624 
II-l 8861.5 11562.8 22.460.5 39.8 4.8 2863631 
II-2 8161.5 10662.7 20.260.5 - - -
III 8961.3 10762.6 20.560.4 30.6 5.9 2935620 
IV 8562.2 9362.4 17.560.4 18.2 6.9 2957652 
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Populations Studied 
Four lines. A, B, C, and D, of Single Comb White 
Leghorns already undergoing selection for efficiency for egg 
production were sampled. The history of these experimental 
populations maintained at the Iowa State University Poultry 
Research Center has been presented by Nordskog et al. (1974) 
and by Wing (1981) and therefore will be alluded to here 
only briefly. In 1977, lines A and B were derived from the 
so-called Q population and lines C and D were derived from 
the R population. Lines A and C were initially selected for 
a high ratio of egg mass to body weight at 32 weeks of age; 
lines B and D were selected for a high ratio of egg mass to 
feed consumption at the same age. 
In 1978, three sublines were formed from each line using 
as selection criteria two selection indexes; 
I^ = 190 BW + 2EM - FC and 
I2 = 190 BW + EM, 
where BW = body weight at 32 weeks (lb); EM = daily egg 
mass (g) from 30-34 weeks of age; FC = daily feed consump­
tion (g) from 30-34 weeks of age. 
Sublines A1 and A2 were subjected to selection for high 
values of I^. A3, representing the control, was selected 
with a "zero" selection differential on I^. Line B, sub­
divided into replicates B1 and B2, was selected for high 
values of I2 and a corresponding "zero" selection, control B3. 
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Likewise, line C, replicates CI and C2, and in line D, 
replicates D1 and D2, were all selected for high values 
of and I2» respectively. Sublines C3 and D3 were con­
trols corresponding to A3 and B3. For the present experi­
ment, however, subline identification has been ignored, 
assuming that the average effect of the selection criteria 
at the time of the original sampling was small and that the 
differences between the 1981 subline performance continued to 
be small and inconsistent with relatively high sampling 
errors (Nordskog, 1980, 1981). 
The number of observations per line for each of the two 
year experiments with complete records for fecal traits 
used in subsequent analysis appear in Table 3. 
Record Collections on Experimental Populations 
The two years of experiments reported here were run 
concomitantly with those reported by Wing (1981) about effi­
ciency for egg production. The latter has already described 
the details of incubation, brooding, and rearing of the se­
lection lines maintained at the Iowa station. It should be 
mentioned that to facilitate the workload in the collection 
of individual records, the hatches for lines A,B and C,D 
were scheduled four weeks apart in each of the test years, 
1979-80 and 1980-81. The A,B hatch was in March and C,D was 
in April. 
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Table 3. Number of observations in the family structure of 
the experimental populations^ 
PI P2 
Year Line Sire Dam 
Off­
spring Sire Dam 
Off­
spring 
1979-80 A 24 48 95 24 47 89 
B 24 48 93 24 48 90 
C 24 48 94 24 46 85 
D 24 48 94 24 48 88 
Totals 96 192 376 96 189 352 
1980-81 A 24 47 93 12 23 44 
B 24 47 91 12 23 44 
C 24 48 92 24 47 81 
D 24 48 89 24 47 80 
Totals 96 190 365 72 140 249 
Pooled 192 382 741 168 329 601 
^Experimental populations define birds on which fecal 
samples were taken. 
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At 20 weeks, pullets were randomly assigned to indi­
vidual cages measuring 10x18x14 inches, in a windowless cage 
layer house. Laying mash and water were provided ad libiti^m 
throughout the egg laying period. The pullets received 12 
hours of light per day from 20 weeks to peak egg production. 
Subsequently, the hens received one additional hour of light 
per month until 16 hours of light per day were reached. 
This photoperiod was maintained until termination of the 
laying cycle at 66 weeks of age. In the laying house, light 
was provided by 40 watt fluorescent tubes. Either Sevin or 
Malathion was used, as insecticides, to dust for Northern 
Fowl Mites (Ornithonvssus svlviarum, Baker et al., 1956) at 
housing and as needed during the egg production cycle. 
Four offspring per sire, from the mating with two non-sib 
dams, two daughters per dam, constituted the half-sib families 
in the initially balanced experiment. Each year, offspring 
from 24 sires were randomly selected in each line. Thus, in 
general, 48 full-sib families or 96 observations were obtained 
per line (Table 3). At approximately 32 weeks (peak of egg 
production), the 384 hens, representing the offspring of the 
four groups of sires, were wing-band identified and the 
available data were computerized for analysis. Each individu­
al was evaluated twice during the laying cycle; first, at 
about 32 weeks of age (period 1 or Pi); secondly, at about 
55 weeks of age (period 2 or P2). 
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The protocol used for feces collection corresponded to 
System III already described. Because of the restrictions 
on the laying house facilities, only 96 hens could be evalu­
ated in a single four-day period. Thus, two four-day periods 
•were required to evaluate the test hens of lines A and B or 
C and D over a given period. 
Regarding experimental routine, hens •were started on 
Tuesdays and •the feces samples and other information were 
collected on Saturdays. This defines the four-day collec­
tion period. The dates for the different periods appear in 
Table 4. 
For each period, individual records were taken on feed 
consumption, wet manure, and body weight. Also, individual 
determinations were made on dry manure, crude protein, and 
ME content in feces. Phosphorus content was determined only 
in 1979-80. Information on the production traits, including 
age to sexual maturity, egg production, and egg mass was 
taken from •the routine records referred from now on as 
production data obtained for the feed efficiency experiments 
underway (Wing, l98i); age at first egg (sexual maturity) 
was recorded for each pullet; number of eggs was recorded 
over four days of each week in a four-week period; individual 
egg weights were recorded during the third week of each feed­
ing period. Data on rate of lay and on average egg weight 
were used to compute egg mass per day in both PI and P2. 
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Table 4. Dates for test periods 
Test year Lines PI P2 
1979-80 A,B Nov . 6—17 Apr, . 8-19 
C,D Dec . 4-15 May 6-17 
1980-81 A,B Nov . 11-22 Apr . 21-May 2 
o
 
u
 
Dec . 10-20 May 19-30 
Nitrogen (N), Metabolizable Energy (ME), and 
Phosphorus (P) Determinations 
After the vet manure was collected and weighed, an 
aliquot of 100 grams was taken for dry feces determinations. 
The dry feces was run through a grinder and then N, ME, and 
P determinations were made. 
N was determined by the Kjeldahl procedure using 0.5 g 
feces per sample. The sample is digested in order to release 
the N which is converted to ammonium sulfate from which the 
concentration of ammonium ions in the digest is determined. 
In the digestion process, concentrated sulfuric acid is used 
to oxidize organic matter and convert organic N to ammonium. 
Potassium sulfate was added to increase the boiling point 
of the digesting mixture. Selenized granules were used as 
catalysts to increase the rate of oxidation of the organic 
matter. 
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To determine the amount of ammonium present in the 
digest, the solution is made alkaline by the addition of an 
excess of a concentrated solution of sodium hydroxide (50%). 
Under these conditions, the ammonium ion is converted to 
ammonia, which is then steam-distilled off and trapped in 
a solution of boric acid and indicator (m^ethyl red .225 g 
and methyl blue .083 g in 100 ml absolute ethanol). The 
ammonium borate is then titrated with a standard acid (HCl 
.in). The following equations show the stoichiometry of 
the various reactions involved; 
Digestion; 
Feces N + H^SO^ K^iÔ^ + (NH^lzSO^ 
Distillation; 
(NH.),SO. + 2NaOH 2NHo + Na,SO. + H,0 
^ ^ (excess) ^ ^ ^ 
Neutralization: 
NHg + H3BO3 • NH^"^ + HBO3 
Titration 
NH^"^ + HBOg + HCl NH^Cl + HgBOg 
The stoichiometry of the reaction is a 1;1 ratio be­
tween the equivalent standard acid (Ea) and the nitrogen 
present in the sample (En), Ea = Na'Va = acid normality times 
the volume used in the titration. Then, En = Na*Va. Because 
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each millequivalent of N weighs 0.014 g, the weight of N in 
the sample can be computed by multiplying the milliequivalents 
of N by 0.014. Because 0.5 g of the sample was used in the 
determination, the weight of N is divided by 0.5 g to attain 
the N content per gram of sample: % ij-Na»Va«0.014 ^ 
The units are mg of N per gram sample. The amount of N 
in a blank is subtracted from each Va (volume used in the 
titration) value. N values can be converted to "crude 
protein" (CP) values by multiplying by 6.25, which is the 
reciprocal of the percent N in an "average" protein. Thus, 
% CP = *^Q*5''6.25. This formula gives a rough esti­
mate of the total protein of a feces sample and does not in 
any way represent the quality of the protein present; rather, 
it represents only a particular group of N-containing 
compounds. 
In the present experiments, the % CP obtained for each 
individual was further expressed as grams of crude protein 
per day; 
PEOT = (=" feces 'g')/4 (days). 
Estimations of ME in feces were based on the classifical 
definition; 
(feed consumed x (feces amount x gross 
ME cal/ - g^Pss energy of feed) - energy of feces) 
feed consumed 
Gross energy (GE) was determined on individual feces 
samples, using the oxygen bomb combustion method (Parr 1241 
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adiabatic oxygen bomb calorimeter). The method involves the 
burning of a sample in a compressed oxygen atmosphere (25 
atmospheres) within a closed vessel which retains all of the 
products of combustion. Hydrocarbon compounds are oxidized 
to carbon dioxide and water; sulfur compounds, if any, are 
converted to oxides which are readily absorbed in a small 
amount of water placed in the bottom of the bomb. Mineral 
constituents remain as ash, but other inorganic elements 
such as arsenic, boron, and the halogens are usually re­
covered in the bomb washings. The bomb combustion reaction 
proceeds rapidly, usually reaching completion with 30 seconds 
or less. The heat of combustion is computed from temperature 
observations before and after combustion (lO minutes after 
ignition). The GE values were computed from; 
. / A temp X 2418.52 - (wire + acid) 
GE cal/g = : 77-7 rrrr . 
sample pellet weight 
The constant 2418.52 is for the standard benzoic acid heat 
of combustion as determined specifically for the bomb used 
in the ISU Poultry Nutrition Laboratory. 
The "wire" refers to the correction in calories for 
residual fuse wire used to bind the two electrodes with the 
sample inside the bomb. It has a heat of combustion of 1400 
calories per gram or 2.3 cal per centimeter. The "acid" in 
the formula represents the amount (ml) of a standard alkali 
solution (Na2C0g, 0.0725N) required to neutralize the acid 
washings of the bomb interior, including electrodes and 
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sample holders. A solution, of 0.4% methyl orange was used 
for washing. 
As already pointed out, P was determined only in the 
1979-80 year. The A.O.A.C. photometric method, which uses a 
spectrophotometer capable of isolating a 400 nm band and 
accepting 15 mm diameter cells, was used. The principle 
involves the association between an excess of molybdovanadate 
with P in the ash sample and the absorbance of the UV light 
beam proportional to the P concentration. A standard curve 
is prepared using the molybdovanadate reagent with different 
concentrations of P from a standard solution. A plotting of 
the absorbance on the milligrams of P defines the standard 
curve; otherwise, a regression prediction equation can be 
used to measure mg of P in the sample. Absorbance readings 
were taken on a Gilford 300-N microsample spectrophotometer. 
Values for the standard curve were determined from readings 
of the absorbance equivalent to 0.3, 0.5, 0,8, 1.0, 1.2, 1.4, 
1.5, and 1.8 mg of P. From these, the following equation 
A A 
was derived; Y = a + 0.814 X, where the Y*s are the observed 
absorbance values, the X's are unknown, and the constant, a, 
estimated at 0.08, is considered to be small and, therefore, 
was ignored. Hence, the formula used to compute the milli­
grams of P (MGP) in ashed feces samples was: 
MGPi = absorbance*(1/0.814)*20•(total ash/ash sample)i , 
where 20 is a dilution factor; "total ash" represents the 
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amount of ash. produced by approximately 2 grams of dry feces 
from the i^^ sample; and the "ash sample" designates the exact 
amount of ash in the test run. 
To express the milligrams of P in one gram of dry feces, 
MGPi is divided by the dry feces sample used in the test run. 
The ratio between the total daily P excreted for a given hen 
and the total amount of P ingested provides the values for 
the variable PHOS in the subsequent statistical analysis. 
Statistical Analysis 
The primary objective of this study was to obtain esti­
mates of phenotypic and genetic parameters associated with 
nutrient loss in feces of layer-type chickens to investigate 
whether such information might be applied to a practical 
breeding program. 
Attempts were made to utilize as much of the available 
information as possible in order to reduce sampling errors 
of the parameter estimates and to provide a sequential picture 
of the parameter estimates under the different sets of data 
generated with different combinations of periods and years 
using both Experimental and Complete data sets. Parameter 
estimates are presented for each period-year subgroup, for 
the two periods combined and for the estimates pooled across 
years. 
For the particular population sampled, the following 
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mixed model was assumed: 
^ijka = P + Li + S^j + (1) 
where = value of a trait for the Z progeny from the 
dam mated to the sire from the i^^ line subclass; 
H = the overall mean for a trait; = fixed effect of the 
ith jLine subclass; = random effect of the sire within 
the i^^ subclass; D. = random effect of the dam mated 1 jk: 
to the sire within the i^^ subclass ; e^j^^ = random 
error component. 
When the data for PI and P2 periods were combined, à 
fixed cross-classification component, i.e., the Z^^ period 
effect (P^), was included in the model as shown in model 2 
below. The estimates pooled across years were obtained by 
adding a line-year term to model 1 as a fixed effect (see 
model 3). When both periods and line-years were combined, 
the model corresponds to 4 belowi 
^ijka = M- + Li + + Pj + (2) 
^ijki = P- + LY. + S. j + (3) 
^ijkj = ^ + LYi + S^. + + Pj + (4) 
The computer program chosen was LSML 76 (mixed model 
least-squares and maximum likelihood). This is designated as 
model V in the Harvey's nomenclature and is designed to 
accommodate two sets of noninteracting nested random effects. 
From the variance components, three estimates of heri-
tability (h ) were derived for each set of data generated in 
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2 4S this experiment: hg = from the sire component; 
component; h^^ = sId+E^ ' ^^om the 
sire + dam components; where S = the sire component of 
variance, which is theoretically 25% of the additive variance; 
D = the dam within sire component of variance, which repre­
sents 25% of the additive variance plus a proportion of non-
additive genetic variance; E = the error component of vari­
ance. The approximate standard errors were computed accord­
ing to Harvey (1977). 
Assuming that the nutrient loss in the feces has a 
genetic basis, one can raise such questions as, how much 
additional genetic gain from selection can be obtained if 
the parameters for nutrient loss, such as N in feces or 
simply the amount of dry feces, are taken into accotant in a 
selection program? In breeding for efficiency of egg produc­
tion, egg mass, body weight, and feed consumption are of 
primary importance, given that the income in a commercial 
laying operation is derived from the sale of eggs and spent 
hens at the termination of an egg-laying cycle. On the other 
hand, the cost of feed accounts for about 70% of the total 
cost of production. Thus, a linear combination of egg mass, 
body weight, and feed consumption provides an index of in­
come over feed costs; likewise, a linear combination of egg 
mass and body weight provides an index of net income (Wing, 
1981). Accordingly, nutrient loss in the feces (which can be 
36 
represented by dry feces), if it has a genetic basis, 
might be chosen as an additional trait to consider in a 
breeding program to increase the rate of genetic improvement 
for efficiency of egg production. 
Considering the present situation and using the concepts 
of selection index theory, an individual hen's "true" breed­
ing value for total income might be defined as; 
H = a^g^ + aggg + a^g^ + a^g^ , 
where the economic values for body weight, egg mass, feed 
consumption, and fecal dry matter are a^, a2> a^, and a^, 
• respectively; g^ is the true breeding value of the i^^ trait. 
Four indices can be designed and further compare their rela­
tive efficiency: 
Il = b^BW + b^gEM + b^gFC + b^^DF , 
^2 ~ ^21®^ ^22^ ^23^^ * 
Ig = bg^BN + b22EM + bg^DF , 
I4 = b^^BW + b^gEM , 
where BW = phenotypic value for body weight, Ql = phenotypic 
value for egg mass, FC = phenotypic value for feed consumption, 
and DF = phenotypic value for dry feces. These are formulated 
sudi that the correlation between I^, I2, I3, I4, and H is 
maximized before estimating the b coefficients. 
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RESULTS 
Means and Analysis of Variance 
Least squares means were computed separately for the two 
data sets. Tables 5, 6, and 7 contain those for wet and dry 
feces, crude protein, metabolizable energy, and phosphorus 
content for the two test periods, PI and P2, separately and 
combined. Means for body weight and feed consumption from 
the Experimental data and for age at sexual maturity, egg 
production, and egg mass, from the Complete data, are pre­
sented in Table 8. Data are for both 1979-80 and 1980-81. 
Analyses of variance for each of the different traits 
based on the Complete data set in the two test periods by 
years, separately and pooled, are presented in Tables 9 
through 12. Data on phosphorus were obtained only in 1979-80. 
Mean values are presented separately by lines A, B, C, 
and D. Differences among them are of secondary interest be­
cause of small sample size. For the present study, primary 
interest was focused on the significance of sire and dam 
variances from which genetic parameters were estimated. Sire 
differences nested within line-year subgroups were statis­
tically significant for all traits at P<0.01. 
The mean values for fecal traits obtained for the PI ard 
P2 combined data were higher in 1979-80 compared to those in 
1980-81 with the exception of crude protein and metabolizable 
Table 5. Least squares means for Period 1, Experimental data set 
Year Line N 
Wet 
feces 
(g/day) 
Dry 
feces 
(g/day) 
Crude 
protein 
(g/day) 
ME^ 
(cal/g) PHOS^ 
1979-80 A 95 11864 29.06.7 9.86.3 2560618 0.786.02 
B 93 12664 30.16.7 9.96.3 2520618 0.756.02 
C 94 12064 26.56.7 8.76.3 2817618 0.736.02 
D 94 11264 26.86.7 9.06.3 2832618 0.686.02 
Pooled 376 11962 28.16.3 9.36.1 26826 8 0.736.001 
1980-81 A 93 10364 23.66.6 10.26.2 3137617 — 
B 91 10364 24.26.6 10.76.3 3115617 -
C 92 10364 23.46.6 10.26.3 3113617 -
D 89 10964 23.26.6 9.96.3 3062617 -
Pooled 365 10662 23.56.3 10.26.1 31096 9 — 
= metabolizable energy. 
^Phosphorus excreted/phosphorus intake. 
Table 6. Least squares means for Period 2, Experimental data set 
Year Line N 
Wet 
f eces 
(g/day) 
Dry 
feces 
(g/day) 
Crude 
protein 
(g/day) 
ME^ 
(cal/g) PHOS^ 
1979-80 A 89 10664 24.86.6 10.16.2 2356616 0.676.02 
B 90 9864 24.06.6 9.76.2 2371616 0.666.02 
C 85 10064 27.56.6 10.56.2 2463616 0.726.02 
D 88 10064 27.66.6 10.56.2 2493616 0.676.02 
Pooled 352 10162 25.96.3 10.26.1 24216 8 0.686.001 
1980-81 A 44 10765 24.36.9 9.764 3251624 — 
B 44 10866 25.26.9 10.06.4 3246624 -
C 81 10164 26.56.7 9.96.3 3081617 -
D 80 10664 26.26.7 9.76.3 3035617 -
Pooled 249 10362 25.86.4 10.06.2 3136611 — 
^ME = metabolizable energy. 
^Phosphorus excreted/phosphorus intake. 
Table 7 . Least squares means for Periods 1 and 2 combined. Experimental data set 
Year Line N 
Wet 
feces 
(g/day) 
Dry 
feces 
(g/day) 
Crude 
protein 
(g/day) 
ME® 
(cal/day) PHO&b 
1979-80 A 184 11263 26.96.5 9.96.2 2457613 0.736.01 
B 183 11263 27.16.5 9.86.2 2445613 0.716.01 
C 179 11063 26.96.5 9.66.2 2642613 0.736.02 
D 182 10563 27.16.5 9.76.2 2664613 0.686.01 
Year means 109.75 27.0 9.75 2552 0.71 
1980-81 A 137 10464 24.26.6 10.06.3 3179614 — 
B 137 10564 24.96.6 10.46.3 3163614 -
C 173 10263 24.96.6 10.06.2 3098612 -
D 169 10763 24.76.5 9. 86.2 3050612 -
Year means 104.5 24.7 10.05 3123 — 
= metabolizable energy. 
^Phosphorus excreted/phosphorus intake. 
Table 8. Least squares means for Periods 1 and 2 combined, Complete data set 
Year Line N 
Body 
weight 
(g )  
Feed 
consumption 
(g/day) 
ASM^ 
(days) 
Egg 
production 
i%)  Egg mass (g/day) 
1979-80 A 173 1651629 8662 17362 78.861 44.76.7 
B 167 1683629 8762 17562 75.761 45.46.7 
C 157 1643629 9862 17962 77.861 45.16.7 
D 171 1605629 10162 17862 79.661 46.46.7 
Year means 668 1646 93 176 78.0 45.4 
1980-81 A 95 1659639 9663 17862 78.361 41.56 1 
B 96 1719639 9963 18262 77.361 42.96 1 
C 137 1679635 9362 18362 76.961 41.06.9 
D 135 1609636 9062 18662 74.461 40.26.9 
Year means 463 1667 95 182 76.7 41.4 
®ASM = : age to sexual maturity. 
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Table 9. Analysis of variance for Periods 1 and 2, Complete 
data set 
Mean squares 
Source df 
Feed 
consumption Wet feces Dry feces 
Line-year 7 4907.2** 2411.8 235.4** 
Sire/1ine-year 182 556.9** 1757.5** 43.3** 
Dam/sire/line-year 176 342.0** 1017.8** 25.8* 
Period 1 25.8 34951.8** 59.7 
Remainder 764 216.5 582.4 21.2 
*p<. 05. 
**p<.Ol. 
Table 10. Analysis of variance for periods 1 and 2 
data set 
, Complete 
Mean squares 
Source df 
Crude 
protein ME^ ASM^ 
Line-year 7 13.6 2 .2754447.4** 24884.4** 
Sire/line-year 182 7.2** 32086.5** 662.7** 
Dam/sire/line-year 176 3.9* 25346.9 432.4** 
Period 1 63.6** 6083975.4** 0.2 
Remainder 764 3.1 27606.7 108.6 
= metabolizable energy. 
^ASM = age to sexual maturity. 
*p<. 05. 
**p<.Ol. 
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Table 11. Analysis of variance for Periods 1 and 2, Complete 
data set 
Mean squares 
Source df 
Body 
weight 
Egg 
production Egg mass 
Line-year 7 178217. ,1 442. 2* 717. 3** 
Sire/line-year 182 139532. 7** 186. 2** 86. 0** 
Dam/sire/1ine-year 176 49890. ,2** 170, .3** 61, .2** 
Period 1 2917617, .8** 11808, .0** 77, .0 
Remainder 764 15301, .7 59, .8 36 .2 
*p<. 05. 
**p<.Ol. 
Table 12. Analysis of variance for phosphorus content in 
feces. Periods 1 and 2, 1979-80 
Source df Mean square 
Line 3 0.099 
Sire/line 92 0.040** 
Dam/sire/line 96 0.019 
Period 1 0.455** 
Remainder 535 0.022 
**p<.Ol. 
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energy "where the reverse situation was observed ; however, 
year differences in crude protein and wet feces were not 
significant (Tables 7, 9, and 10). The ratio of phosphorus 
excreted to phosphorus ingested was higher in Pi than in P2 
(Tables 5 and 6). 
Excluding body weight, all the mean values for the Pro­
duction traits are significantly different between the two 
years. On the average, the hens were eating slightly more, 
were later in sexual maturity, and produced fewer eggs per 
day in 1980-81 (Tables 8, 9-11). 
Heritabilities and Genetic/Phenotypic Correlations 
Heritability (h ) estimates for wet and dry feces, crude 
protein, metabolizable energy, phosphorus, feed consumption, 
and body weight are presented in Tables 13 through 19. For 
each trait, the tables show the step-by-step construction of 
the estimates from the different data sets. With the excep­
tion of phosphorus (Table 16), the first two rows present 
the computed values for PI and P2 separately and combined by 
years. The third row presents the estimates pooled across 
years. Estimates of phosphorus are given for PI and P2, 
both separately and combined, for 1979-80. 
Table 20 presents the estimates of heritability for age 
at sexual maturity, egg production, and egg mass; here, the 
computations were based on the combined values for PI and P2 
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Table 13. Heritability estimates for dry feces. Experimental 
data set 
From the sire component of variance 
Year PI P2 Pi&P2 
1979-80 .466.25 .17±.25 .29±.12 
1980-81 .586.27 - .276.14 
Pooled .516.18 .016.19 .276.09 
Table 14. Heritability estimates for crude protein in feces. 
Experimental data set 
From the sire component of variance 
Year PI P2 P1&P2 
1979-80 .896.27 .186.25 .346.13 
1980-81 .536.26 .446.33 .496.16 
Pooled .706.19 .326.20 .446.10 
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Table 15. Heritability estimates for metaboiizable energy. 
Experimental data set 
From the sire component of variance 
Year PI P2 P1&P2 
1979-80 .516.27 .266.12 
1980-81 .156.24 
Pooled .676.21 .086.19 .076.08 
Table 16. Heritability estimates for phosphorus^. Experi­
mental data set 
From the sire component of variance 
Year PI P2 P1&P2 
1979-80 .796.27 .416.27 .396.13 
^Ratio•phosphorus excreted/phosphorus intake. 
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Table 17. Heritability estimates for wet feces. Experi­
mental data set 
From the sire component of variance 
Year PI P2 P1&P2 
1979-80 .61±.26 .64±.28 .56±.15 
1980-81 .47±.26 .58±.34 .36±.15 
Pooled .55±.18 .61±.22 .486.11 
Table 18. Heritability estimates for feed consumption. 
Experimental data set 
From the sire component of variance 
Year PI P2 P1&P2 
1979-80 .37±.24 .14±.25 .196.11 
1980-81 .50±.26 - .316.14 
Pooled .44±,l8 ,05±.l9 .25±.09 
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Table 19. Heritability estimates 
mental data set 
for body weight. Experi-
From the sire component of variance 
Year PI P2 P1&P2 
1979-80 1.34±.28 1.356.29 1.306.19 
1980-81 ,83±.28 1.266.36 .986.19 
Pooled 1.09±.20 1.30±.23 1.136.13 
Table 20. Heritability estimates 
egg production and egg 
complete data set 
for age to sexual maturity, 
mass. Periods 1 and 2, 
From the sire component of variance 
Year ASM EP EM 
1979-80 .60±.16 .066.11 .396.14 
1980-81 .5l±.20 .076.16 .296.18 
Pooled . 560:. 12 .066.09 .336.11 
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only. Rows show the estimates obtained by years, separately 
and pooled. 
The h estimates for the traits related to fecal composi­
tion, derived from the sire, dam, and full sibs components of 
variance, appear in Table 2l. The estimates were based on 
pooled values of PI and P2 data. 
As expected, the estimates of heritability with the low­
est approximated standard error were those obtained from data 
constructed from periods and years combined (Tables 13-19). 
2 In general, the h estimates were smaller for P2 but with 
higher standard errors. Three out of five missing estimates 
occurred in P2. Negative components of variances are re-
2 
sponsible for these situations. The h for body weight 
(Table 19) turned out to be out of range; sampling error may 
be the reason. 
Using the different sources of variance components to 
estimate the h^ (Table 21), it is clear that the full-sibs 
show the lowest standard errors and those from the dam compo­
nent show the largest. In either case, these two sources are 
expected to contain certain nongenetic effects, i.e., 
dominance, epistasis, maternal effects, in addition to the 
additive genetic effects. Accordingly, the sire component of 
variance is the preferred estimator of heritability in this 
study. 
Although phenotypic and genetic correlations were 
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Table 21. Heritability estimates for droppings traits. 
Experimental data set, periods combined 
Component of variance 
Year Character Sire Dam Sire & dam 
1979-80 Wet feces 
Dry feces 
Crude protein 
Metabolizable 
energy 
Phosphorus^ 
,56±.l5 
.29±.12 
.34±.13 
.26±.12 
.39±.13 
.73±.16 
.386.15 
.24±.14 
.15±.14 
.646.09 
.346.08 
.296.07 
.206.07 
.206.07 
1980-81 Wet feces 
Dry feces 
Crude protein 
Metabolizable 
energy 
.366.15 
.276.14 
.496.16 
.686.18 
.436.17 
.436.17 
.526.09 
.356.09 
.466.09 
Pooled Wet feces ,486.11 .576.12 .586.06 
Dry feces .276.09 .336.11 .306.06 
Crude protein .446.10 .326.11 .386.06 
Metabolizable 
energy .076.07 - .036.04 
Ratio phosphorus excreted/phosphorus intake. 
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computed for all data sets, those reported here are based on 
the combined data over periods and years. Phenotypic corre­
lations for all possible pairs of traits are presented in 
Tables 22, 23a, and 23b. Estimates for the restricted Ex­
perimental data set, based on feces determinations, are given 
in Table 22. Those between the traits in the Complete data 
set appear in Tables 23a and 23b. Phenotypic correlations 
were tested for statistical significance from zero at 
probability levels of p = 0.05 and p = O.Ol. The range of 
standard errors for the correlation estimates is shown at 
the bottom of each column. 
Genetic correlations estimated from the sire components 
of variance and covariance appear in Tables 24, 25a, and 25b. 
The estimates are again grouped into Experimental (fecal 
related) traits. Production traits, and Experimental by 
Production traits. 
Most of the phenotypic correlations among the lO differ­
ent traits are different from zero, and the more reliable 
estimates are based on the pooled data. The standard 
errors for the phenotypic correlations are substantially 
lower than those for the genetic correlations as might be 
expected. For subsequent applications to selection indexes 
for this study, the estimated phenotypic correlations between 
body weight and egg mass and feed consumed with dry feces 
appear in Table 23c; the genetic correlations between the 
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Table 22. Phenotypic correlations. Experimental data set 
Traits 1979-80 1980-81 Pooled 
WET F-DRY F .64** .69** .67** 
WET F-CP .45** .41** .40** 
WET F-ME -.06 -.08 .005 
WET F-P -.06 
DRY F-CP .87** .83** .80** 
DRY F-ME -.30** -.27** -.16** 
DRY F-P -.05 
CP-ME -.26** -.23** -.28** 
CP-P .09 
ME—P —.69** — — 
SE range .03 to .05 .04 to .06 .02 to .04 
**p < .01. 
53 
Table 23a. Phenotypic correlations. Complete data set 
Traits 1979-80 1980-81 Pooled 
BW-WET F .28** .37** .33** 
BW-DRY F .38** .46** .42** 
BW-CP .37** .41** .37** 
BW-ME -.05 -.03 .005 
BW-P .05 - -
FC-WET F .52** .62** .56** 
FC-DRY F .66** .70** .68** 
FC-CP .55** .54** .53** 
FC-ME .40** .16* .28** 
FC-P -.41** - -
EM-WET F .18** .35** .23** 
EM-DRY F .21** .28** .20** 
EM-CP .12* .15* .16** 
EM-ME .04 -.02 -.05 
EM-P —. 06 - -
EP-WET F .10 .28** .18** 
EP-DRY F .09 .27** .17** 
EP-CP .05 .21** .12* 
EP-HE .08 .02 .05 
EP-P -.11 - -
ASM-WET F .02 -.001 .01 
ASM-DRY F -.004 -.04 -.02 
ASM-CP -.004 -.01 -.006 
ASM-ME -.02 -.05 -.03 
ASM-P .07 - -
SE range .04 to .05 .05 to .07 .04 to .05 
*p < .05. 
**p < .01. 
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Table 23b. Phenotypic correlations. Complete data set 
Traits 1979-80 1980-81 Pooled 
BW-FC .32** .46** .39** 
BW-EM .17** .27** .20** 
BW-EP -.05 .10 .02 
BW-ASM .14** .03 .10* 
FC-EM .24** .34** .28** 
FC-EP .17** .29** .22** 
FC-ASM -.01 -.05 -.03 
EM—EP .75** .57** .65** 
EM-ASM -.004 .02 .006 
EP-ASM -.14** -.15* -.15** 
WET F-DRY F .60** .66** .63** 
WET F-CP .39** .36** .34** 
WET F-ME -.07 -.09 -.02 
WET F-P -.04 - -
DRY F-CP .85** .82** .78** 
DRY F-ME -.33** -.32** -.22** 
DRY F-P .08 - -
CP-ME -.28** -.29** -.33** 
CP-P .12* - -
ME-P -.70** - -
SE range .04 to .06 .04 to .07 .03 to .04 
*p < .05. 
**p < .01, 
Table 23c. Phenotypic variances and correlations for dry 
feces and production traits. Complete data set 
estimates by the product-moment method 
Traits 
Body Egg Feed Dry a 
weight mass consumption feces 
Body weight 44558.99 .194 .345 .377 
Egg mass 52.42 .271 .247 
Feed consumption 319.76 .623 
Dry feces 26.83 
^This column is used in the selection indexes design. 
Table 24. Genetic correlations , Expe rimental data set 
Traits 1979- 80 1980-81 Pooled 
WET F-DRY F .44±.l8 .476.23 .496.13 
WET F-CP .256.21 .166.25 .136.16 
WET F-ME .406.25 - .976.55 
WET F-P -.566.21 - -
DRY F-CP .786.10 .886.08 .756.08 
DRY F-ME —.366.35 - -.126.44 
DRY F-P -.186.26 - -
CP-ME -.216.31 - -.736.58 
CP-P .176.24 - -
ME-P -.706.42 - -
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Table 25a. Genetic correlations. Complete data set 
Traits 1979-80 1980-81 Pooled 
BW-WET F .29±.15 .586.14 .436.10 
BW-DRY F .436.16 .936.10 .586.09 
BW-CP .33±.16 .746.12 .516.10 
BW-ME -.146.57 - -.0056.23 
BW-P .246.18 - -
FC-WET F .706.15 .686.13 . 6 86. lO 
FC-DRY F 1.126.09 1.066.08 1.076.05 
FC-CP . 856.13 .896.11 .846.08 
FC-ME —.8061.03 - -.346.29 
FC-P -.096.29 - -
EM-WET F .086.22 .606.25 .296.17 
EM-DRY F — . Ol6.25 .586.27 .306.19 
EM-CP —.396.23 .406.29 .056.19 
EM-ME .8761.41 - —.186.37 
EM-P —.366.26 - -
EP-WET F -.246.48 2.2462.17 « 846.54 
EP-DRY F —.866.75 1.5861.51 .406.42 
EP-CP -1.4361.08 1.3561.32 -.066.37 
EP-ME 2.1963.53 - .536.78 
EP-P -1.7661.42 - -
ÀSM-WET F —.066.20 -.916.26 -.286.15 
ASM-DRY F -.166.22 -.766.25 -.406.17 
ASM-CP —.126.21 -.476.25 -.246.16 
ASM-ME -.046.65 - — « 066,30 
ASM-P .296.22 - — 
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Table 25b. Genetic correlations. Complete data set 
Traits 1979-80 1980-81 Pooled 
BW-FC .426.16 .696.12 .576.10 
BW-EM —.05±.18 1.046.24 .476.13 
BW-EP -l.77il.30 1.2361.27 -.376.36 
BW-ASM .22±.15 -.066.20 .106.12 
FC-EM .256.25 .446.26 .376.18 
FC-EP -.456.57 1.7261.64 .726.48 
FC-ASM -.056.23 -.696.25 -.336.16 
EM-EP .146.53 .926.66 .386.36 
EM-ASM -.226.22 -.266.33 —.226.17 
ep-asm -1.9861.52 -1.5461.79 -1.8161.17 
WET F-DRY F .346.19 .676.14 .516.12 
WET F-CP .166.21 .366.21 .206.15 
WET F-ME 1.8762.79 - .836.40 
WET F-P -.696.22 - -
DRY F-CP .786.09 .896.06 .786.07 
DRY F-ME .186.91 - .096.34 
DRY F-P —.346.25 - -
CP-ME .3961.06 - —.466.41 
CP-P .046.25 - -
ME-P -.3261.28, — — 
58 
same traits were .68±.09 and .30±.19 (Table 25a, pooled esti­
mates). The estimated phenotypic correlations between body 
weight and egg mass with feed consumption were .39 and .28, 
respectively (Table 23b, pooled); the genetic correlations 
among the same traits were .57±.10 and .37±.l8 (Table 25b). 
Of significance is that the estimated phenotypic and 
genetic correlations between feed consumption and dry feces 
turned out to be .68 and 1.07±.05, respectively (Table 23a; 
Table 25a). 
Selection Indexes 
As pointed out in the Materials and Methods section, 
body weight, egg mass, and feed consumption are of primary 
importance in defining income over feed cost in layer-type 
chickens. The inclusion of "dry feces" in an index designed 
to improve total income was investigated as a trait of poten­
tial value both for its economic value as manure and also for 
its intrinsic value as an indicator trait for the improvement 
of performance using a selection index. Four different in­
dexes were formulated; 
h
 
h
 ii b^lbw + + b^gfc + b^^df , 
^ 2  " bgibw + b22em + ^23^^ ' 
i3 = b^.bw ojl + b—em + b34df , 
h
 ii b^ibw + » 
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where: 
bij = the coefficients for index i and traits j=l,2,3,4 
BW = phenotypic value for body weight 
EM = phenotypic value for egg mass 
FC = phenotypic value for feed consumption 
DF = phenotypic value for dry feces production. 
The economic values for body weight, egg mass, and feed 
consumption are those derived by Wing (1981). He assumed 
that a 60-gram egg is worth five cents. In a 280-day egg 
production period, an increase of one gram per day in egg 
mass is worth 1/50 x 5 x 280 = 23 cents. If income from 
spent hens is worth 22 cents per kilogram (10 cents per 
pound), one gram of body weight is worth .022 cents. Over a 
280-day egg production period, a one-gram increase in feed 
consumption per day, valued at seven cents per pound, is 
worth -4.32 cents. 
For dry feces, the values a = 0 or a = .74 were chosen. 
For the latter, one pound of dry feces is worth 2.6 cents 
per kilogram (1.2 cents per pound) or .0025 cents per gram in 
manure equivalent. For an increase of one gram in dry feces 
per day, over a 280-day production period, the manure equiva­
lent is worth 0.74 cents. When a = 0, the dry feces is used 
as an "indicator" trait, which is a trait with no direct 
economic value but which might be effective in adjusting 
for environmental effects of the economic traits (Rendel, 
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1954; Purser, 1960). 
The economic coefficients (a values) are summarized in 
Table 26. 
Table 26. Economic coefficients (a values) 
Economic value 
Traits (cents) 
Body weight .022 
Egg mass 23.0 
Feed consumption -4.32 
Dry feces .74 or 0 
For the construction of the phenotypic and genetic 
variance-covariance matrices, the "best" available estimates 
on hand were chosen. Phenotypic variances and correlations, 
heritabilities and genetic correlation values body body 
weight, egg mass, and feed consumption were calculated from 
the population undergoing selection for efficiency of egg 
production at Iowa State University (Nordskog, 1981); for 
dry feces the genetic variance-covariance estimates were 
calculated using the basic estimates, i.e., heritability of 
dry feces and its correlations with body weight, egg mass 
and feed consumption, from the sire component of variance. 
Complete data set, pooled over periods and years (Table 25a). 
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The correlation between feed consumption and dry feces was 
restricted to a value of 1.0 instead of 1.07 as it was esti­
mated in this study. For the phenotypic matrix, computations 
were made using the product-moment method on the same Complete 
data set (Table 23c). 
The basic statistics used appear in Tables 27a and 27b; 
the final covariance matrices are presented in Tables 28a 
and 2 8b. 
To obtain the b coefficients and the correlations between 
the index and aggregate genotype (R^^), it was assumed, first, 
that H is a constant aggregate genotype involving the four 
traits and their respective economic values (a^); alterna­
tively, H was chosen as unique for each selection index. Be­
cause two alternative economic values were assigned to dry 
feces, four sets of computations were required. Tables 29a 
through 29d present the b values obtained by solving the 
matrices of equations for the different selection indexes. 
Positive b values were obtained for egg mass in all cases 
as expected. The b coefficients for dry feces and body weight 
were all negative when H was taken as a constant value (Tables 
29a and 29b). For the alternative case when H is unique for 
each index, b^ turned out to be negative for and positive 
for Ig, using either a^ = .74 or a^ = 0; body weight coeffi­
cients are negative for and I2 but positive for Ig and 
(Tables 29c and 29d). 
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Table 27a. Phenotypic variances and correlations used for 
the selection indexes designs 
Body Egg Feed Dry 
Traits weight mass consumption feces 
Body weight 37842.5 .147 .529 .377 
Egg mass 42.7 .393 .247 
Feed consumption 131.48 .623 
Dry feces 26.83 
Table 27b. Heritabilities and genetic correlations used for 
selection indexes designs^ 
Body Egg Feed Dry 
Traits weight mass consumption feces 
Body weight .57 .13 .68 .68 
Egg mass .27 .42 .30 
Feed consumption .34 
o
 
o
 
H
 
Dry feces .27 
= 3.37; = 6.72; = 3.4. 
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Table 28a. Phenotypic variance-covariance estimates 
Body Egg Feed Dry 
Traits weight mass consumption feces 
Body weight 37842.57 187.15 1181.35 379.89 
Egg mass 42.70 29.45 8.35 
Feed consumption 131.48 37.02 
Dry feces 26.83 
Table 28b. Genetic variance--covariance estimates 
Body Egg Feed Dry 
Traits weight mass consumption feces 
Body weight 21570.27 64.34 671.13 339.56 
Egg mass 11.53 9.58 3.46 
Feed consumption 44.70 22.73 
Dry feces 7.24 
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Table 29a. Coefficients for traits^ of different selection 
indexes, H constant, a^ =..74 
Index b2 bg b^ 
II -.026 5.891 -.271 -1.308 
:2 -.028 5.884 — .618 
I3 -.031 5.778 -1.574 
-. 046 5.535 
^b^ = body weight; b2 = egg mass; b^ = feed consumption; 
b^ = dry feces. 
Table 29b. Coefficients for traits^ of different selection 
indexes, H constant, a^ = 0 
Index b^ b^ b^ b^ 
^1 -.029 5.917 -.365 -1.336 
^2 -.032 5.909 -.719 
i3 -.036 5.765 -1.693 
i4 -.052 5.503 
=^ 4 = 
= body weight; 
dry feces. 
b2 = egg mass; bg = feed consumption; 
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Table 29c. Coefficients for traits^ of different selection 
indexes, i=l,2,3,4; a^ = .74 
Index b^ bg b^ 
^1 -.026 5.891 -.271 -1.308 
^2 -.032 5.909 -.719 
i3 .015 5.969 1.375 
i4 .021 6.151 
^b^ = body weight, b2 = egg mass, bg = feed consumption; 
b^ = dry feces. 
Table 29d. Coefficients for traits^ of different selection 
indexes, H^, i=l,2,3,4j a^ = 0 
Index b^ b2 bg b^ 
^1 -.209 5.917 -.365 
^2 —. 032 5.909 -.719 
i3 .009 5.956 
la .021 6.151 
^b^ = body weight, b2 = egg mass, b^ = feed consumption; 
b^ = dry feces. 
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The correlations between the four different selection 
indexes and a common aggregate genotype (H) appear in Table 
30. Similar correlations, except with unique H's for each 
of the selection indexes, appear in Table 31. 
The estimated genetic change in each trait and total 
income, when H is common to each index, are presented in 
Table 32a and 32b. 
The resultant estimates of correlation between the dif­
ferent indexes and common aggregate genotype, and the genetic 
change for each trait for one phenotypic standard deviation 
(Tables 30, 32a and 32b), indicate that the inclusion of the 
traits feed consumption and dry feces in an index, along with 
body weight and agg mass, provide a small superiority (3%) 
when compared with the "basic" selection index which only 
considers values for body weight and egg mass. This small 
advantage was maintained when feed consumption was dropped 
from the index, but a 2% superiority is observed when dry 
feces is the one discarded. This situation was present no 
matter the economic value assigned to dry feces. 
Additional Results 
As explained in the Materials and Methods section, the 
populations sampled were representee by four Leghorn lines 
A, B, C, and D. In 1978, however, each was split into three 
sublines based on slightly different criteria of selection 
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Table 30. Correlations between different selection indexes 
with a common aggregate genotype H, with a^ = .74 
and a^ = 0 
^liH 
ii ii o
 
.523 .523 
""12» .516 .517 
.521 .521 
.510 .509 
Table 31. Correlations between different selection indexes 
and aggregate genotypes unique to each index, with 
a^ = .74 and = 0 
ii 
1 
/
 
ii 
1 
o
 
.523 .523 
.517 .517 
.529 .527 
.522 .522 
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Table 32a. Estimated genetic change for each trait and total 
income for one phenotypic standard deviation, H 
constant, a^ = .74 
Selection 
criterion 
A body 
weight 
(9) 
A egg 
mass 
(g/day) 
A feed 
consumption 
(g/day) 
A dry 
feces 
(g/day) 
A total 
income 
(cents) 
^1 -21.98 1.61 —. 08 -.11 36.82 
^2 -17.59 1.65 .27 -.1 36.32 
I 3  -22.65 1.61 -.03 -.05 36.62 
I 4  -17.68 1.67 .62 .1 35.41 
Table 32b. Estimated genetic change for each trait and total 
income for one phenotypic standard deviation, H 
constant, a^ = 0 
Selection 
criterion 
A body 
weight 
( g )  
A egg 
mass 
(g/day) 
A feed 
consumption 
(g/day) 
A dry 
feces 
(g/day) 
A total 
income 
(cents) 
:i -25.58 1.58 -.26 -.20 36.75 
^2 -21.73 1.62 .08 -.19 36.29 
:3 -26.67 1.59 -.20 -. 12 36.75 
-21.38 1.67 .50 .04 35.75 
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for efficiency of egg production. At the beginning of the 
present experiment (1979), the plan was to carry out the 
statistical analysis with line-years as fixed effects in the 
model. The inbreeding within sublines per generation of 
selection was 1.85% as estimated from effective population 
size of 8 sires, each mated to 5 dams. Thus, there is ex­
pected to be a slight increase in the genetic variance within 
lines as a result of splitting each into three sublines. It 
seemed advisable, therefore, to reanalyze the data with 
subline-years as fixed effects rather than line-years 
(Model 4). 
Two data sets were used in this analysis. The first 
combines the two periods and is pooled across years for all 
individuals having complete records on the fecal traits. 
This is the "Experimental data set" and consists of 1336 
entries. The second consists of the data sets for both fecal 
and production traits and is designated the "Complete data 
set" with 1125 entries. Tables 33a and 33b give the estimates 
of heritability for the different traits computed for the 
sire, dam and full-sib variance components. In general, the 
estimates were reduced in the Experimental data set (Table 
33a), compared with the previous estimates from the identical 
data set (Table 21). At the same time, the approximate 
standard errors were essentially the same. 
When the analysis was restricted to only those birds 
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Table 33a. Heritability estimates using subline-years as 
fixed effects; combined test periods PI and P2, 
pooled years. Experimental data set 
Trait h|±S, E. h^iS. ,E. .E, 
Body weight .54±. 11 1.32±. ,12 .98±. 05 
Feed consumption .15±. 08 .52±. 12 .39±. 06 
Wet feces .40±. 10 .69±, .12 .54±. 06 
Dry feces .19±. 09 .336, .11 .26±. 05 
Crude protein .38±. ,10 .32±, .11 .35±. 06 
Metabolizable energy .06±, ,08 - -
H m
 
o
 04 
Table 33b. Heritability estimates using subline-years as 
fixed effects; combined test periods PI and P2, 
pooled years. Complete data set 
Trait h2d=s. E. h^±S. E. E. 
Body weight . 88±. 14 1.35±. 13 1.116. 06 
Feed consumption .35±. 11 .59±. ,13 .476. 07 
Wet feces .48±, 12 o
 
H- ,13 .596. ,07 
Dry feces .33±. 11 .256. ,13 .296. ,06 
Crude protein .45±. ,12 .256, .13 .356. ,06 
Metabolizable energy .10±. 09 - .056, .05 
Age to sexual maturity .33±. 11 H
 
00
 
If .13 1.086, .06 
Rate of egg production .02±, .09 1.536 .13 . 776, .07 
Egg mass .106 .09 .736 .13 .416 .07 
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with complete production records, the heritability estimates 
were significantly higher (Table 33b). Although the standard 
errors were also higher, all the heritabilities higher than 
.10 were significant. In both instances, the heritability 
estimates from the sire component of variance were less than 
1.0 for body weight. With the exception of metabolizable 
energy, all heritability estimates for the so-called fecal 
traits were greater than 0.15. 
The estimated genetic and phenotypic correlations pre­
sented in Tables 34a and 34b, again, are strongly positive 
with body weight and feed consumption. The genetic correla­
tion estimate between egg mass and the fecal traits was 
negative and nonsignificant. On the other hand, the pheno­
typic (product-moment) correlations were positive and 
significant. 
The Complete data set was used also to estimate a 
"residual genetic component" of dry feces. The latter is 
defined in a similar manner to that discussed by Arboleda 
et al. (1975b) for a residual genetic component of feed con­
sumption, i.e., the residual amount of feed consumed after 
statistically adjusting for body weight (maintenance require­
ment) and egg mass output. In the same way, but approached 
from the opposite direction, we can define a residual genetic 
component of dry feces after statistical adjustment for body 
weight and egg mass. In particular, the residual is repre-
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Table 34a. Genetic^ (tq) and phenotypic^ (rp) correlations; 
combined test periods PI and P2, pooled years. 
Experimental data set 
Traits^ rQ^S.E. rp 
BW-FC .54±.17 .35** 
BW-WET F .266.15 .28** 
BW-DRY F .59±.15 .39** 
BW-CP .366.14 .39** 
BW-ME .356.38 -.06* 
FC-WET F .516.18 .56** 
FC-DRÏ" F 1.126.12 .67** 
FC-CP .856.14 .56** 
FC-ME -.496.50 .20** 
WET F-DRY F .366.20 .66** 
WET F-CP -.036.19 .36** 
WET F-ME 1.206.73 1 o
 
ai
 
DRY F-CP .586.12 .74** 
DRY F-ME .036.53 -.27** 
CP-ME —.716.65 -.09** 
^From the sire component of variance. Sublines in the 
model. 
^From product-moment method. 
^Full name given in Glossary. 
*p<.05. 
**p<.Ol. 
73 
Table 34b. Genetic^ (tq) and phenotypic^ (rp) correlations; 
combined test periods PI and P2, pooled years. 
Complete data set 
Traits^ r^iS.E. 
^P 
BW-FC .64±.12 .36** 
BW-WET F .446.13 .25** 
BW-DRY F .68±.13 .37** 
BW-CP .43±.13 .37** 
BW-ME .226.29 1 o
 
ai
 
FC-WET F .626.13 .50** 
FC-DRY F 1.166.09 .61** 
FC-CP .836.11 .50** 
FC-ME -.496.34 .23** 
EM-WET F .076.34 .21** 
EM-DRY F -.236.38 .23** 
EM-CP -.516.37 .12** 
EM-ME —.3 86.71 -.23** 
ASM-WET F —.486.20 .004 
ASM-DRY F -.506.34 -.05 
ASM-CP -.306.21 o
 
H
 
ASM-ME -.216.40 .15** 
EP-WET F .8562.05 .20** 
EP-DRY F -.5861.53 .16** 
EP-CP -1.1862.87 .07* 
EP-ME .5161.90 .07* 
^From the sire component of variance. Sublines in the 
modelo 
^From the product-moment method. 
^Full name given in Glossary. 
*p<.05. 
* *p<. Ol, 
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santed by the linear function, 
Residualpp = cDF - + b^EM) , 
where 
b^^ is the partial regression coefficient for body 
weight with egg mass constant, 
b^ is the partial regression coefficient for egg mass 
with body weight constant, 
BW, EM and DF are body weight, egg mass and dry feces, 
measured in grams or in grams per day, 
c is a non-zero constant, arbitrarily chosen. 
Solving for the partial regression coefficients from 
the data in this study, the residual component of dry feces 
for a single observation was defined as, 
Rjjp = 10.DF - (.3419.BW + .1807.EM) . 
The heritability values for the residual as estimated 
from the sire, dam, and full-sib variance component appear in 
•Table 35. Thus, we have evidence for a true residual genetic 
component of dry feces in parallel with that reported by 
Wing (1981) for a residual genetic component for feed con­
sumption. 
Table 35. Heritability of the residual component of dry 
feces. Complete data set 
Trait hgdbS.E. hgdbS.E. 
Residual .27±.ll .226.12 .246.06 
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DISCUSSION 
The main objective of this study was to search for evi­
dence of genetic differences among laying hens for nutrients 
lost in the excreta. Dry feces, crude protein, metabolizable 
energy and phosphorus were recorded on an individual hen 
basis and statistically analyzed. Fecal traits considered 
of primary importance were those related to efficiency of egg 
production, and of potential usefulness as criteria for pre­
diction of genetic gain from selection. 
Mean Values of Fecal Traits 
Determinations of wet and dry amounts of feces and of 
mean chemical constituents were within the range of those 
reported in the literature. The average of 107 g of wet 
feces voided per hen per day, based on two years of data, 
agrees well with that reported by Hill (1971). The dry feces 
production of 25.9 g per hen per day corresponds to an average 
moisture content of about 75% in the wet feces. 
The mean fecal crude protein of 9.75 g per hen per day 
in 1979-80 was .30 g less than for 1980-81. These figures 
probably are underestimates because of the collection method 
used. Droppings were exposed to the normal house atmosphere 
for the four days of the collection period. This would allow 
some loss of nitrogen as ammonia. Earlier, Espinoza et al. 
(1980) estimated that this loss was of the order of 20%. 
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Thus, the average daily protein excreted might be adjusted 
upwards to something like 9.9 to 12 g. Morimoto et al. 
(1961b) reported that a daily intake of crude protein of 15.3 
g to 20.3 g is expected to yield 10.5 to 13.5 g of crude 
protein in the excreta. 
Because the present study was primarily of an explora­
tory nature, no attempt was made to discriminate between the 
nutrients excreted as feces and those in urine. Furthermore, 
simple techniques for separation, but as yet unavailable, 
would be required for the hundreds of birds included in this 
study. However, it is clear from the literature that most 
of the nitrogen and phosphorus are excreted as urine. In 
this study, the ratio of phosphorus excreted to phosphorus 
ingested was .71 which compares with a ratio of .82 as re­
ported by Hurwitz and Griminger (1961). 
Mean values of metabolizable energy were quite variable 
as noted in Tables 5 and 5. In contrast to other nutrients, 
an excess of metabolizable energy is not excreted but rather 
is stored as fat (Scott et al., 1976). Thus, the ME in the 
droppings represents the energy present in undigested feed 
along with that derived from urinary and endogenous products. 
Genetic and Phenotypic Parameter Estimates 
The inclusion of the "Additional Results" in the Results 
section was an attempt, in retrospect, to determine the "sub-
« 
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lining" effect as a possible bias in the estimation of the 
genetic parameters as originally calculated from the data 
classified more broadly into line-years sets. Although there 
seemed not to be any important biases as regards the so-called 
"fecal traits", the heritability estimates were lower, but the 
approximate standard errors were proportionally higher (Ex­
perimental data set). On the other hand, the estimated 
parameters from the Complete data set were very close to the 
original estimates. 
The inclusion of sublines in the model reduced the de­
grees of freedom for testing sire differences from 91 to 83 
in each year. The lower sire variance is expected because 
of the slight increased amount of inbreeding within the 
closed sublines. This expectation was verified by the Experi­
mental data set. On the other hand, higher estimates were 
obtained from the Complete data set. This may be a sampling 
effect or it might indicate a reduction in the total pheno-
typic variance because the nonlaying birds were eliminated 
from the sample. 
Heritability estimates 
The heritability estimates for dry feces, wet feces, 
crude protein, and ratio of phosphorus excreted to phosphorus 
intake, indicate that they are moderately high (range .27 to 
.48). Although the corresponding standard errors were also 
high (approximately O.lO), they represent the best (and only) 
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estimates available for fecal traits. In general, the 
heritability estimates were at least three times greater 
than their standard errors. 
The estimates of heritability for body weight were 
greater than one. Obviously, this must be a consequence of 
sampling errors or due to some unknown bias. The intra-
subline analysis gave lower estimates for this trait from 
the sire and full-sib components (.64 and .88, respectively); 
however, the estimate from the dam component was greater than 
1.0 which was found also in the original analysis. 
The data collected for this study did not yield statis­
tically significant estimates of genetic variation in fecal 
metabolizable energy. Consistently, the estimates were very 
low. This suggests that, if genetic variability exists at 
all, it is small. 
Population parameters were also estimated for feed con­
sumption, age to sexual maturity, rate of egg production, and 
egg mass. In general, the heritability estimates were in 
the range of those already reported in the literature. The 
estimate for age to sexual maturity was .56±.12, which is 
considerably higher than the reported average of .39 (Kinney, 
1969) but in close agreement to the .52 reported by King and 
Henderson (1954). The corresponding estimate from the Complete 
data set was .33±.ll. The difference is very likely due to 
sampling differences between the two data sets. For rate of 
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egg production, the estimates were consistently low and not 
statistically significant (0.05±.09). For feed consumption, 
2 h = .25±.09 is in good agreement with those reported by 
Arbaleda et al. (1976a), Hagger and Abplanap (1978), and Wing 
(1981). The estimated heritability for egg mass was .336.11, 
which is within the range reported by Waring et al., 1962 
(cited by Kinney, 1969). 
Phenotvpic and genetic correlations 
Of relevance are the significant phenotypic and genetic 
correlations of dry feces and fecal crude protein with the 
economically important traits of body weight, egg mass, and 
feed consumption. The correlation of dry feces and crude 
protein is strongly positive (r = 0.7). Dry feces is also 
positively correlated with body weight as expected. All 
estimates of phenotypic correlations between dry feces and 
egg mass were positive and significant (r = .20). However, 
the genetic correlations were generally low, inconsistent and 
with high standard errors. This would suggest that the sig­
nificant phenotypic association is largely a consequence of 
environmental forces. Thus, it is easy to understand that 
chickens which produce high egg mass have an above average 
feed intake and therefore expel higher than average amounts of 
excreta. The evidence suggests, however, that this has a very 
low heritable basis. The correlations between dry feces and 
feed consumption were high and positive. On a phenotypic 
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basis, rp = .51, and on a genetic basis, = 1.07 and 1.16, 
respectively, in the Experimental and Complete data sets. 
With the exception of body weight, the genetic correla­
tions for age to sexual maturity and the other traits were 
negative and evidently not statistically significant. A 
significant negative correlation was observed for age to 
sexual maturity and rate of egg production, as expected. 
Significance of Fecal Traits as Indicators of 
Genetic Efficiency of Production 
The genetic correlation of the fecal traits with those of 
direct economic importance may be of significance in genetic 
improvement of efficiency of egg production. The scope of 
the present data is perhaps not sufficient to draw more than 
tentative conclusions. 
Consider first a simplified situation for fecal protein. 
Feed protein is one of the more expensive ingredients in a 
commercial poultry diet and generally represents about 16% 
of the layer ration. Assume the plan of a breeding program 
is to select birds that best utilize diet protein; thus, the 
breeders chosen are those hens with the least protein in the 
excreta. Also, we shall assume that the daily protein intake 
averages 16 g and that the protein expelled in the excreta 
is 10.5 g, with a standard deviation of 2.1 g. A reduction 
of 25% in fecal protein, i.e., from 10.5 g to 7.9 g, could 
be reached, theoretically, in two generations of selection 
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provided that (l) the heritability of fecal protein is .44, 
(2) all hens with records under one standard deviation are 
saved as breeders, and (3) the parameter estimates used do 
not change from generation to generation. 
Perhaps the above hypothetical rapid reduction in fecal 
protein may not be too realistic. It is frequently found 
that predicted gains from selection for egg production, using 
population parameter estimates, overestimate realized gains 
in a selection experiment. On the other hand, if some of the 
genes responsible for variation in this trait have large 
effects and are few in number (major genes), the genetic 
variance may be substantially reduced after one or two gen­
erations of selection. Consequently, genetic gains would be 
reduced. In the present hypothetical example, it must be 
pointed out that the target of reducing fecal protein to 25% 
would probably represent a selection limit. This is because 
the proportion of crude protein of fecal origin, derived 
mainly from undigested feed, is roughly 20%. Nevertheless, 
it would seem reasonable and possible to identify birds that 
retain more of the ingested protein to be used for mainten­
ance and production because they are the birds that have the 
least amount of proteins in the droppings. 
Although the results for the existence of genetic varia­
bility in fecal components are encouraging, the costs involved 
in laboratory determinations would be a major problem for 
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practical application to a breeding program. The measure­
ment of dry feces, however, is relatively simple and deserves 
special consideration. The collection of individual fecal 
records might be almost as simple and practical as collecting 
individual egg weights. The attachment of a plastic sheet 
under the hen cage would be simple to do and could provide 
supplementary information to genetically improve the effi­
ciency of egg production. 
Because dry feces is significantly correlated with the 
economically important traits—body weight, feed consumption 
and egg mass, it could be used as an indicator trait in a 
selection program for feed efficiency. Egg mass, perhaps the 
single most important production trait, showed a low but 
statistically significant correlation with dry feces on a 
phenotypic basis. The genetic correlation estimates, however, 
were not significant (.30±.19 and -.23±.3B from the two data 
sets). Thus, it would seem that further data would be re­
quired to determine whether the true genetic correlation is 
greater than zero. 
If dry feces were to be used as an indicator trait, the 
question then is whether it should supplement or substitute 
for the measurement of feed consumption. The recording of 
individual feed records very probably would add greater com­
plexity and cost to a breeding program than the recording of 
individual droppings. In any case, the cost of measuring 
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one or both traits might be judged on their value as a sup­
plementary predictor of genetic gain in total income from 
selection. 
The appropriate predictor equations require estimates of 
population parameters for both the economic and indicator 
traits, including heritabilities, genetic correlations, 
standard deviations and phenotypic correlations. In the 
present study, these were derived for body weight, egg mass, 
feed consumption and dry feces as already described. The 
aggregate genotype (H) was defined containing these traits 
after weighting each with its economic value. Index I^ was 
chosen as the "basic" index which included only body weight 
and egg mass. The other three indexes included, in either, 
either or both feed consumption and dry feces. 
The results indicated that the inclusion of dry feces 
(index I^) is essentially equivalent to index l^ which con­
tained all four traits. The correlations between indexes I^ 
and I2 with H were slightly but not significantly higher than 
that between index I2 (feed consumption added) and H. These 
correlations were in the neighborhood of .525. On the other 
hand, the correlation between index I^ and H was .510, which 
is only slightly lower. Although the relative superiority of 
the indexes with feed consumption and dry feces is seemingly 
small, the evidence suggests that either feed consumption or 
dry feces, when included in a selection index, will increase 
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the precision of predicted genetic gain. On the other hand, 
the substitution of dry feces for feed consumption seemed not 
to change the effectiveness of the index for predicted gain. 
Thus, the only justification to include both traits in a se­
lection index as would be if their errors of measurement 
are uncorrelated. In that case, greater precision of pre­
dicted gain efficiency would be theoretically expected. 
A further argument to use dry feces as an indicator 
trait in a selection index is the finding of a significant 
heritability for a residual component of dry feces. The re­
sidual component parallels the Arboleda et al. (1975a) formula­
tion of a residual component for feed consumption. In the 
present study, the dry excreta remaining after linear adjust­
ment for differences in body weight and egg mass represents 
the residual component. Of interest is that the heritability 
estimates for both types of residual components, feed consump-
tion and dry feces, are about the same (h = .25). Wing 
(198l) reported a residual component for feed of .237±.046, 
estimated from the sire component of variance. So far as is 
known, the present study is the only one to report on the 
heritability of the residual component for dry feces and to 
consider its potential use in a selection program for the 
genetic improvement of feed efficiency. 
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SUMMARY 
The efficient use of feed for the production of animal 
products is an economically important problem for all classes 
of farm animals. Little is known concerning the real possi­
bility of genetic improvement. 
Feed consumed by layer-type chickens is used for body 
maintenance and for egg production. Evidence indicates that 
this use has a heritable basis and, therefore, selection for 
efficiency should lead to genetic improvement. 
On the average, about 50 or 60% of protein and 30% of 
energy is lost in the excreta. The question is then whether 
nutrient loss through feces also has a heritable basis. If 
so, is it possible to improve efficiency of production by 
measurement of nutrient loss? Undoubtedly, the amounts of 
chemical constituents of excreta are a reflection of the 
ability of a bird to utilize feed. 
This study was intended to explore nutrient lost in 
excreta of chickens with primary focus on the probable genetic 
basis. 
In two years of experiments, 741 pedigreed Single Comb 
White Leghorn hens were individually measured for wet and dry 
feces, fecal protein, fecal metabolizable energy, ratio of 
phosphorus excreted to phosphorus ingested, body weight, and 
feed consumption. Measurements were made in two test periods: 
(1) when the hens were about 32 weeks of age and (2) when the 
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hens were about 55 weeks of age. For the latter, the 
original population of 741 birds was reduced to 60l birds. 
Supplementary information on the same birds for age at sexual 
maturity, rate of egg production, and egg mass were also 
obtained. 
Using the method of variance components analysis, herita-
bilities and genetic correlations for the different traits 
were estimated. Except for the trait, metabolizable energy, 
the heritabilities of all the excreta-related traits were 
statistically significant from zero. Dry feces and fecal 
protein were the most strongly associated with the economical­
ly important traits, i.e., body weight, feed consumption, and 
egg mass. Of importance also was the finding of a significant 
heritability estimate for a "residual genetic component" of 
dry feces. This is defined as the remnant part of dry feces 
after linear adjustment for differences in body weight and 
egg mass. 
The evidence for a heritable variance component for dry 
feces led to a consideration of this character as an indicator 
trait of potential use in a selection index for the improve­
ment of feed efficiency. The results suggested that its in­
clusion into a selection index, along with body weight and 
egg mass, will increase the precision of predicted genetic 
gain for efficiency of egg production. 
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